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Glaucoma is the leading cause of irreversible blindness worldwide and is a silent, progressive disease. The global prevalence of glaucoma is estimated to be 76 million by 2020.^[@bib1]^ The general lack of symptoms (for open-angle glaucoma) and the fact that significant loss of retinal ganglion cells may occur before glaucomatous visual field changes are detected underscore the need for early detection and consistent, effective treatment.^[@bib2],[@bib3]^ Elevated intraocular pressure is the primary risk factor for glaucoma, and treatment for glaucoma is directed at lowering intraocular pressure either medically or surgically.^[@bib4]^ The Ocular Hypertension Treatment Study showed that reduction of intraocular pressure by an average of 22.5% through medical intervention decreased conversion from ocular hypertension to glaucoma over a 5-year period to approximately half that of untreated controls (4.4 vs. 9.5%).^[@bib5]^ Similarly, the Early Manifest Glaucoma Trial showed that treatment of newly diagnosed primary open-angle glaucoma with argon laser trabeculoplasty plus betaxolol reduced the risk of disease progression at 6 years to half of that for untreated controls (hazard ratio, 0.50; 95% confidence interval, 0.35--0.71).^[@bib6]^ Moreover, the risk of progression was decreased by approximately 10% for each mmHg intraocular pressure was reduced from baseline.^[@bib6]^ In the Advanced Glaucoma Intervention Study, for patients with more advanced disease, maintenance of intraocular pressure such that 100% of measurements over the 7-year follow-up were less than 18 mmHg resulted in complete absence of visual field deterioration.^[@bib7]^ Preservation of vision in patients with glaucoma is clearly dependent on control of intraocular pressure. With medical therapy generally the first line of treatment, successful control of intraocular pressure is largely dependent on patient adherence.^[@bib8]--[@bib10]^

The optometrist\'s role in the care of the glaucoma patient has expanded since 1975 from detection and referral to treatment and management with pharmaceutical agents and, in some states, laser procedures. Optometrists are often the first to diagnose glaucoma and are licensed to treat glaucoma medically in 49 of the states in the United States and Canada. The American Optometric Association guidelines for the treatment and management of glaucoma stress the importance of "continuity of care, compliance with therapy, communication with patients\' physicians, and possibly comanagement with a glaucoma specialist."^[@bib11]^ When medical treatment fails, or when adherence to medical therapy is inadequate, patients are referred to ophthalmologists for surgical intervention.^[@bib12]^ Since the publication of these guidelines in 2011, a new modality for the management of mild to moderate glaucoma has emerged.^[@bib13]^ Minimally (or micro) invasive glaucoma surgery provides an alternative to more invasive surgical methods or to laser procedures. These can generally be done along with cataract surgery minimizing additional risk or, in some jurisdictions, as standalone procedures. Several studies have demonstrated these devices to provide long-term intraocular pressure lowering and the potential to reduce or eliminate the need for medications in some patients.^[@bib13],[@bib14]^ This review summarizes the patient adherence problem in glaucoma and reviews the efforts, including minimally invasive glaucoma surgery, to provide effective intraocular pressure control that is not dependent on patient compliance.

BARRIERS TO ADHERENCE
=====================

The problem of adherence and persistence with medications affects virtually all areas of medicine. Lack of adherence is estimated to cause approximately 125,000 deaths and at least 10% of hospitalizations, with costs to the U.S. healthcare system between \$100 billion and \$289 billion a year.^[@bib15]^ C. Everett Koop\'s (perhaps apocryphal) statement "Drugs don\'t work in patients who don\'t take them" has particular resonance for a silent, progressive, and potentially blinding disease such as glaucoma. In a decade-old systematic review of the literature summarizing 29 studies, Olthoff et al.^[@bib16]^ concluded that nonadherence among glaucoma patients was commonplace. The proportion of patients deviating from the prescribed regimen was variable but reached as high as 80%. Given the potential consequences of unchecked glaucoma progression, such a high prevalence of nonadherence may seem surprising. It is important to remember, however, that glaucoma, especially open-angle glaucoma, is often asymptomatic, even when there are functional deficits sufficient to result in falls and motor vehicle accidents.^[@bib17]^ This lack of symptoms and the slow disease progression make it difficult for patients to perceive a worsening in their condition and thus heighten their level of concern. In addition, the glaucomatous population tends to be skewed toward the older demographic with a prevalence three to eight times higher in the oldest age groups when compared with people in their 40s.^[@bib18]^ Several studies have shown that most patients contend with multiple barriers. These include skepticism that glaucoma will cause vision loss, skepticism that glaucoma medications will prevent vision loss, decreased self-efficacy, lack of knowledge about glaucoma, physician mistrust, difficulty administering eye drops, medication costs, medication adverse effects, forgetfulness, difficulties with complex medication schedules, and life stress.^[@bib19]--[@bib26]^ The disproportionate affliction (of glaucoma) in older individuals introduces age-specific challenges; generally, age-related comorbidities that may affect the ability to self-administer drops include arthritis, palsy of various etiologies, Parkinson disease, and low vision. Any of these can create a significant barrier to correct usage of prescribed ocular hypotensive medications. In a study where the mean age was 66 years, Newman-Casey et al.^[@bib24]^ reported that among adherent subjects approximately 50% cited their chief barriers to adherence were skepticism that glaucoma would lead to vision loss and skepticism that glaucoma medications would prevent vision loss. These barriers were also important to a similar proportion of nonadherent patients, but in addition, difficulty with instillation of eye drops, forgetfulness, poor self-efficacy, and difficulties with the medication schedule were frequent problems.^[@bib24]^ Another study showed that approximately only one-third of glaucoma patients were able to successfully instill a single drop of medication.^[@bib25]^ While evidence directly linking poor adherence to treatment with glaucoma progression is scant, it has been shown that worse adherence measured over a 3-month study period was associated with worse visual field defects.^[@bib16],[@bib26]^

IMPROVING ADHERENCE
===================

Recognizing that nonadherence with medical glaucoma therapy is a serious problem affecting a large proportion of glaucoma patients, clinicians, pharmaceutical companies, and device companies have taken multiple approaches in attempts to improve adherence (Fig. [1](#F1){ref-type="fig"}). The most successful to date has been the development of fixed combinations of ocular hypotensive drugs.^[@bib27]^
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While there are historic combination products with pilocarpine as a component, only three fixed combinations are available in the United States: dorzolamide 2%--timolol 0.5% (Cosopt \[Akorn Pharmaceuticals, Lake Forest, IL\] or generic), brimonidine 0.2%--timolol 0.5% (Combigan \[Allergan, Irvine, CA\]), and brinzolamide 1%--brimonidine 0.2% (Simbrinza \[Alcon Laboratories, Fort Worth, TX\]). Other fixed combinations incorporating a prostaglandin analog are available outside the United States. In a randomized controlled trial comparing adherence to the assigned treatment (travoprost/timolol fixed combination or travoprost and timolol in separate containers), Barnebey and Robin^[@bib28]^ found that significantly more patients were at least 80% adherent with the fixed combination compared with the unfixed combination. However, even with the fixed combination, adherence decreased with time, and average adherence was only 60% of days through 12 months. Clearly, as noted above, there are other adherence barriers not addressed by regimen simplification.

Efforts have also been made to monitor and document patient adherence, both for research purposes and to provide clinicians and patients with objective, nonjudgmental data as a basis for discussion. The MEMS (medication event monitoring system), which time stamped the joint occurrence of dropper bottle cap removal and inversion, was an early such device.^[@bib29]^ To address the problem of forgetfulness, dosing aids with visual and audible alarms that provide reminders to patients have been piloted (e.g., Travatan Dosing Aid \[Alcon Laboratories\]). Although adherence was shown to improve (87.9% with alarm vs. 79.7% without alarm, *P* = .02), it was mainly incremental.^[@bib30]^ As tools to manage treatment, the dosing record retained by these devices does provide the clinician with useful information on patient adherence. Perhaps due to cost, these devices have not been widely used.

SUSTAINED MEDICATION RELEASE
============================

Because glaucoma patients are largely responsible for managing their own ocular medication regimens, it may be that nonadherence is a problem that cannot be easily overcome. One potential answer would be to obviate the need for adherence through the use of some form of drug depot or device providing sustained release.^[@bib31],[@bib32]^ Although this is not a new idea, few such products have been successfully developed. The Ocusert, which provided sustained release of a low level of pilocarpine into the tear film for 1 week, is no longer marketed, mainly due to the development of newer drugs requiring less frequent administration and also because of difficult (particularly for older patients) insertion.^[@bib33]^ Currently in clinical development are prostaglandin-eluting devices to be placed in the fornices (bimatoprost), puncta (latanoprost), or canaliculi (travoprost); of these, only the intracanalicular travoprost appears to have advanced to phase 3 testing. One challenge in the development of continuous prostaglandin elution is that greater than once-daily dosing is often associated with diminished efficacy, possibly due to receptor sensitization.^[@bib34]^ A device capable of timed, intermittent release could overcome this obstacle.

Another approach to sustained drug release is through injectable depots. Depots may be placed externally as in the sub-Tenon space or intraocularly in the anterior chamber.^[@bib35],[@bib36]^ Bimatoprost (bimatoprost SR \[Allergan\]) and travoprost (ENV515; Envisia Therapeutics, Durham, NC) biodegradable implants injected intracamerally are currently in phase 2 (ENV515) or phase 3 (bimatoprost SR) development. Both of these aim to provide up to 6 months of intraocular pressure--lowering efficacy from a single injection. Results from early studies show intraocular pressure--lowering efficacy similar to topical dosing of the same drugs.^[@bib36]^ The iDose device is a titanium travoprost-eluting implant injected through a clear corneal incision and secured in the anterior chamber. The device, which would be removed and replaced when depleted, is currently in phase 2 trial evaluating two different elution rates.

LASER TRABECULOPLASTY
=====================

For select patients, laser procedures are considered as initial therapy. This is particularly true where patients either are not tolerant of topical medications or cannot instill them, or when there is a high risk of nonadherence.^[@bib11],[@bib37]^

Selective laser trabeculoplasty using a Q-switched, frequency-doubled Nd-YAG laser has been the method of choice since it was commercially available in 2001. The low-energy (relative to argon laser) laser specifically targets pigmented cells minimizing collateral damage. The intraocular pressure--lowering efficacy is similar to the older argon laser trabeculoplasty; however, at least for a second treatment, repeat selective laser trabeculoplasty shows efficacy close to the initial treatment.^[@bib38],[@bib39]^ The efficacy of additional treatments beyond a second application has not been demonstrated, so the position of selective laser trabeculoplasty as either a stopgap or a true treatment platform that could provide patients with intraocular pressure control over many years or even decades is now not known.

Selective laser trabeculoplasty is a safe, office-based procedure with minimal adverse effects that include mild anterior chamber inflammation and transient intraocular pressure spikes, which are generally prevented or minimized with prophylactic preprocedure intraocular pressure--lowering medication.^[@bib40],[@bib41]^ The main disadvantages of selective laser trabeculoplasty are that its intraocular pressure--lowering effect diminishes with time and the open question around efficacy of multiple repeat treatments.^[@bib42],[@bib43]^ However, its potential to delay more invasive procedures by up to several years contributes to its overall utility.

MINIMALLY INVASIVE GLAUCOMA SURGERY
===================================

Minimally (or micro) invasive glaucoma surgery is a new and rapidly expanding category of glaucoma treatment. The definition of minimally invasive glaucoma surgery can vary and may include *ab externo* approaches with little or no scleral dissection and little or no conjunctival manipulation.^[@bib44]^ For the purposes of this discussion, minimally invasive glaucoma surgery devices are devices that use an *ab interno* microincisional approach, create minimal trauma to and disruption of normal anatomy and physiology, have a high level of biocompatibility, show effective intraocular pressure lowering, and have a very good safety profile with rapid recovery (Fig. [2](#F2){ref-type="fig"}, Table [1](#T1){ref-type="table"}).^[@bib51]^ In addition, for optimal utility, implantation of minimally invasive glaucoma surgery devices should be straightforward, rapid, relatively easy, appropriate for both glaucoma specialists and general ophthalmologists, and easily incorporated into other procedures.^[@bib52]^

![Minimally invasive glaucoma surgery (MIGS) devices. MIGS devices are devices that use an *ab interno*, microincisional approach, create minimal trauma to and disruption of normal anatomy and physiology, and show effective intraocular pressure lowering. MIGS devices should be straightforward, rapid, relatively easy, and appropriate for both glaucoma specialists and general ophthalmologists. Clockwise from top left: CyPass Micro-Stent, iStent Trabecular Micro-bypass Stent, iStent Inject, Hydrus Microstent, XEN Gel Stent.](opx-95-155-g003){#F2}
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Minimally invasive glaucoma surgery devices
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Minimally invasive glaucoma surgeries fill a gap that has existed in the treatment algorithm for glaucoma between medical therapy and laser at one end of the spectrum and traditional filtering glaucoma surgeries at the other. Before the advent of minimally invasive glaucoma surgery, a patient who had failed laser treatment and was not adequately controlled on medical therapy was referred for a trabeculectomy procedure. The intraocular pressure--lowering efficacy provided by trabeculectomy comes with known risks of intraoperative (e.g., torn conjunctiva, hemorrhage, choroidal effusion), postoperative (e.g., hypotony, failing or encapsulated bleb, uveitis, endophthalmitis, hyphema), and late postoperative (e.g., leaking bleb, blebitis, cataract) complications.^[@bib4],[@bib53]^ In situations where intraocular pressure reduction goals are more modest, the glaucoma is newly diagnosed, the optic nerve head damage is only mild to moderate, and/or the medication burden creates the risk of poor adherence, minimally invasive glaucoma surgery is a treatment option that should be considered.^[@bib54],[@bib55]^ Implantation concomitant with cataract surgery is currently the only Food and Drug Administration--approved indication for both the CyPass supraciliary stent (Alcon Laboratories) and the iStent trabecular stent (Glaukos, Inc., Laguna Hills, CA), although both may be used in standalone procedures in Europe. Cataract surgery alone provides intraocular pressure reduction of up to 15% in the first 12 to 24 months, but the effect seems to diminish over time, averaging 9% at 36 months.^[@bib55]^ The Hydrus device currently in premarket approval evaluation is also for use with cataract surgery. The size of the patient population that could benefit from minimally invasive glaucoma surgery is quite large. In a recent retrospective chart review of all cataract surgeries performed in the outpatient setting at three locations in Colorado, approximately 18% of patients had comorbid glaucoma.^[@bib56]^ Cataract surgery thus provides a unique opportunity to implant a minimally invasive glaucoma surgery device without the risk of a second surgery, providing the glaucoma patient with the potential for improved quality of life through medication reduction and intraocular pressure control less reliant on individual adherence.

Minimally invasive glaucoma surgery devices approved in the United States for the treatment of glaucoma increase outflow by three distinct mechanisms: subconjunctival outflow, trabecular bypass into Schlemm\'s canal, and uveoscleral flow into the suprachoroidal space.

Subconjunctival Filtering Stent
-------------------------------

The XEN gel stent is indicated for refractory glaucoma in cases where surgical treatment has failed or in cases that are unresponsive to maximum tolerated medical therapy.^[@bib49]^ XEN can be placed in phakic or pseudophakic eyes as a standalone procedure. XEN is also implanted with an *ab interno* surgical approach; however, the mechanism of action is more akin to filtration surgery than to the physiological outflow pathways (Schlemm\'s canal, uveoscleral). The XEN gel stent is a 6-mm-long tube with a 45-μm bore composed of porcine gelatin crosslinked with glutaraldehyde. It is placed in a scleral tunnel created by the beveled needle applicator and terminating just under the conjunctiva. Aqueous humor flows from the anterior chamber through the stent and forms a filtering bleb under the conjunctiva. The length of the stent coupled with the bore creates outflow resistance titrated to prevent hypotony.^[@bib57]^ In the single-arm noncomparative trial supporting U.S. approval, 71% of patients achieved intraocular pressure reductions of 20% or greater from baseline on the same or fewer medications at 12 months of follow-up. The mean medication reduction was 1.8 (baseline, 3.5; 12 months, 1.7) for the 52 subjects (80%) completing 12 months of follow-up.^[@bib49]^ XEN implantation is less traumatic and tissue disruptive than traditional trabeculectomy. It was thought that this would result in less fibrosis and therefore decrease the need for bleb manipulations and needling. The rate of needling for XEN procedures is reported to be approximately 32% by 1 year postoperatively, similar to rates seen with conventional filtration procedures.^[@bib49]^ Although XEN could conceivably be used with cataract surgery across the spectrum of glaucoma, the presence of a bleb and the potential for bleb complications and maintenance suggest that this device be reserved for more advanced cases. The somewhat more complicated surgical procedure (than for other minimally invasive glaucoma surgery) could limit adoption by cataract surgeons where the ideal concomitant procedure should add minimal time to the cataract extraction, be relatively easy procedurally, and require a minimum of follow-up.

Trabecular Bypass Stents
------------------------

The iStent was the first minimally invasive glaucoma surgery device to receive a marketing authorization in the United States (in 2012). It is an L-shaped stent that is approximately 1.0 mm long and is made of heparin-coated titanium (Fig. [2](#F2){ref-type="fig"}). It has an internal bore of 120 μm. Properly placed, the long leg of the L resides in Schlemm\'s canal with the short leg or snorkel protruding into the anterior chamber. There are numerous publications for the iStent; however, most are relatively small or case series or both and thus of relatively low-quality evidence.^[@bib58]^ A randomized controlled trial with a sample size providing appropriate statistical power to test the hypothesis (N = 240) compared 1- and 2-year outcomes for the iStent + phacoemulsification versus phacoemulsification alone.^[@bib45],[@bib46]^ At 1 year, 72% of patients randomized to the stent met the primary end point (intraocular pressure ≤21 mmHg) versus 50% for the control group. The difference between groups narrowed at 2 years (61% stent, 50% control). The proportion of patients achieving 20% reduction or greater from baseline intraocular pressure was 66% stent and 48% control at 1 year and 53% stent and 44% control at 2 years. Use of ocular hypotensive medications at 1 year postoperatively was reduced by an average of 1.4 (stent) or 1.1 (control) medications.

Several studies with the original iStent indicated that placement of a second or even third stent in the eye provided superior outcomes.^[@bib59],[@bib60]^ This has been ascribed to a theoretical incremental increase in outflow facility with each additional stent.^[@bib61]^ Alternatively, there may be a chance element involved in stent placement; Schlemm\'s canal is interrupted circumferentially by occasional septa, and not all collector channels are active; therefore, a second stent not only increases the potential volume of aqueous egress, but it also increases the likelihood of proximity to active collector channels.^[@bib4],[@bib62]^ The second-generation trabecular bypass (iStent inject) from Glaukos has recently completed a randomized controlled trial to support a premarket approval submission (ClinicalTrials.gov identifier NCT01461291). Like the first generation, the new device is heparin-coated titanium but is much smaller (360 × 230 μm) with radial symmetry (Fig. [2](#F2){ref-type="fig"}) and is injected through the trabecular meshwork into Schlemm\'s canal. In contrast to the first generation, and presumably directed by findings from the multiple-stent studies cited above, it is intended that treatment consists of implantation of two stents. These are placed into the nasal aspect of Schlemm\'s canal at approximately two clock-hours apart.^[@bib47]^ Results from the pivotal premarket approval trial are not yet public; however, one randomized controlled trial has been published enrolling 192 patients, randomized 1:1 to either two iStent inject stents or latanoprost/timolol fixed combination.^[@bib47]^ At 12 months, the proportion of eyes with a 20% reduction or greater from baseline was 95% for the stent group and 92% for the medication group. Mean intraocular pressure reductions at 12 months were 8.1 and 7.3 mmHg, respectively.^[@bib47]^ A second small randomized controlled trial listed on ClinicalTrials.gov (NCT00721968) comparing iStent inject plus cataract surgery with cataract surgery alone was completed in 2012, although it has not been published; 18 (67%) of 27 stent patients had intraocular pressure of 18 mmHg or less at month 12 versus 24% for the cataract surgery--only group.

Although not yet approved in the United States, the Hydrus device (Ivantis, Inc., Irvine, CA) has recently completed a large premarket approval trial to obtain marketing authorization (ClinicalTrials.gov identifier NCT01539239). Hydrus is a Schlemm\'s canal scaffold composed of a nickel-titanium alloy. It is an 8-mm-long crescent tube with multiple windows along its length. The device is advanced into the canal leaving, 1 to 2 mm of the inlet segment in the anterior chamber. The device is intended to dilate and stent the canal facilitating aqueous outflow. While data are not yet available from the registration study, a smaller randomized controlled trial comparing Hydrus + cataract surgery with cataract surgery alone found that at 12 months 88% of Hydrus patients had at least a 20% reduction in intraocular pressure from baseline versus 74% for cataract surgery alone.^[@bib48]^ The response rate was 80 and 46%, respectively, at 24 months. Mean intraocular pressure reductions from baseline at 12 months were 9.7 (Hydrus) and 9.2 mmHg (cataract surgery only). However, at 24 months, these were 9.4 (Hydrus) and 7.4 mmHg (cataract surgery only). Medication reduction was essentially similar to that reported for iStent (above) with an average decrease from baseline of 1.5 medications at both 12 and 24 months.^[@bib48]^

The safety profile for the trabecular bypass devices seems to be very good, although comparisons across studies and with other minimally invasive glaucoma surgery interventions should be made with caution because of variability in the adverse event collection methodology.^[@bib45]^ Most of the adverse events reported are those that would be expected for cataract surgery whether or not a stent was placed. Notably, best corrected visual acuities measured at follow-up visits 1 month and greater postoperatively were not different between stent and cataract surgery--only groups.^[@bib48]^ In the Hydrus study, it was reported that peripheral anterior synechiae formed at or near the inlet of the device in 12% of patients but did not affect efficacy of the device. Hyphema or blood reflux into the anterior chamber has been reported at a high incidence (\>90%) in some iStent studies^[@bib63],[@bib64]^ and not reported at all in others.^[@bib45]--[@bib47],[@bib60],[@bib65]^

Supraciliary Stents
-------------------

The second major physiological route for aqueous outflow is the uveoscleral route. Indeed, given that pathologic changes to the trabecular pathway are acknowledged to be the proximal cause of elevated intraocular pressure in open-angle glaucoma, the uveoscleral pathway has been exploited both pharmacologically (i.e., prostaglandin analogs) and surgically (e.g., cyclodialysis; *ab externo* shunts) as an independent means of lowering intraocular pressure. The supraciliary space is a virtual space lying between the ciliary body and the sclera. Posteriorly, it is continuous with the suprachoroidal space. Supraciliary stents are placed in the anterior chamber angle with the device and applicator, making a blunt dissection between the scleral spur and the iris/ciliary body. A supraciliary stent essentially provides a controlled cyclodialysis. With proper insertion, the size of the cleft is dictated by the dimensions of the stent, which greatly minimizes the risks of uncontrolled hypotony or bleeding. Placement of the stent provides a means of maintaining the cleft and allowing continued outflow.

A supraciliary *ab interno* approach to enhance uveoscleral flow offers several advantages over other methods. In comparison to trabecular bypasses, successful placement is not dependent on local variability such as proximity to active collector channels. In addition, flow directed through Schlemm\'s canal and out the collector channels is limited by episcleral venous pressure, typically 10 to 11 mmHg; uveoscleral flow instead egresses through the sclera into the lymphatics and the vortex system and thus is not similarly limited.^[@bib66]--[@bib68]^ Hypothetically, because outflow via the uveoscleral pathway is not linked to episcleral venous pressure, which is higher at night when in the supine position, a supraciliary stent might provide better ability to blunt nocturnal intraocular pressure rises.^[@bib69]^ Unlike a filtering procedure such as the XEN implant, there is no conjunctival bleb subject to scarring and other postoperative issues. The *ab interno* implantation is in contrast to more invasive *ab externo* implanted suprachoroidal devices such as the SOLX Gold (SOLX, Inc., Waltham, MA). This less traumatic approach should result in less inflammation, fibrosis, and device failure, although long-term follow-up data are required before definitive conclusions can be drawn.^[@bib68]^

Currently, the only commercially available supraciliary stent is the CyPass Micro-Stent. A second device, the iStent Supra, is currently in an Investigational Device Exemption clinical trial (NCT01461278) to support U.S. Food and Drug Administration approval. CyPass has been available in Europe since 2008. Marketing approval in the United States (2016) was based on the COMPASS trial, at the time the largest randomized clinical trial comparing a minimally invasive glaucoma surgery device with cataract surgery to cataract surgery alone. In COMPASS, 505 patients were randomized in a 3:1 allocation ratio to CyPass with phacoemulsification or to phacoemulsification alone. One and 2 years after surgery, 82 and 77% of the CyPass group had achieved a 20% reduction in intraocular pressure from baseline compared with 66 and 60% for phacoemulsification alone. Mean intraocular pressure reductions from baseline were 7.9 and 6.2 mmHg at 1 year and 7.4 and 5.4 mmHg at 2 years for the CyPass and phacoemulsification groups, respectively, showing that the intraocular pressure--lowering effect of the stent was sustained over this interval.^[@bib50]^ Elimination of medications or simplification of dosing regimen is a critical measure of an intervention such as CyPass that is relevant to improving adherence. In COMPASS, the mean numbers of medications at baseline were 1.4 for CyPass and 1.3 for phacoemulsification only. By 2 years, these were 0.2 for CyPass and 0.6 for the control group. The number of patients on no medications at 2 years was 85% for CyPass and 59% for the phacoemulsification control compared with baseline of 17 and 20%.^[@bib50]^ Similarly, Hoh showed that in a cohort of patients controlled at baseline on two medications following CyPass implantation (with or without cataract surgery), an average of 1.5 medications were discontinued at 12 months and 0.9 medication through 3 years while maintaining intraocular pressure control at baseline levels.^[@bib70],[@bib71]^

Similar to the trabecular stents, adverse events for CyPass attributable to the device or procedure were infrequent and nonserious.^[@bib50]^ The most common event was best corrected visual acuity loss of 10 or more letters, which occurred almost twice as frequently in the phacoemulsification-only group than for CyPass (15.3 vs. 8.8%) and was transient, with more than 98% in both groups having best corrected visual acuity better than 20/40 by the end of the study. Other adverse events were iritis (7.8%), intraocular pressure elevation (4.0%), and corneal edema (3.2%); all were transient, and incidences were not statistically significantly different between stent and control groups.^[@bib50]^ There were 11 adverse events (2.9%) for numerical hypotony (pressure at or \<6 mmHg), which was, again, transient, did not affect functional outcomes such as visual acuity, and resolved without sequela (e.g., maculopathy, choroidal effusion).^[@bib50]^

LIMITATIONS
===========

The present work is not intended to be a comprehensive and systematic review of all currently and historically available treatments for elevated intraocular pressure. It is instead focused primarily on minimally invasive glaucoma surgery. Earlier treatment modalities and other approaches aimed at accomplishing similar ends, that is, reduction in the medication burden and as a consequence better adherence, are also discussed in order to place minimally invasive glaucoma surgery in the proper historical context. Treatments reserved for advanced and refractory glaucoma such as filtration surgery, tubes and shunts (e.g., Ahmed Valve), and cyclodestructive techniques are therefore out of scope. There are also limitations in the published literature on minimally invasive glaucoma surgery. Follow-up providing safety and effectiveness data beyond 2 years is generally not available. This is because the devices are relatively new, and the longer-term data are still being collected in postmarket studies. Data on 3-, 4-, and 5-year outcomes should be forthcoming in the future. Head-to-head comparisons of effectiveness and safety are also missing from the literature with a few exceptions.^[@bib72]^ This gap will also be filled as ongoing studies are completed and results published (e.g., iStent and Hydrus study, ClinicalTrials.gov identifier NCT02024464). The potential to use devices with different mechanisms of action is yet to be explored as is, with some exceptions, the utility of these devices in more refractory cases.^[@bib70]^

CONCLUSIONS
===========

The vision and mission of the World Council of Optometry include the following statement: "Our objectives... the worldwide improvement and conservation of human vision."^[@bib73]^ Two decades ago, Spaeth^[@bib74]^ opined that noncompliance was not so much a patient problem as it was indicative of poor understanding and communication between doctor and patient. As the point personnel in the effort for improvement and conservation of vision, optometrists are uniquely positioned to take a holistic view of the glaucoma patient including emotional, physical, and social characteristics potentially affecting the patient\'s ability to adhere to treatment. Patient adherence is the wild card in the deck for controlling glaucoma progression. Patients with glaucoma tend to be older and have systemic comorbidities that can affect ability to adhere to treatment, but there may be non--age-dependent psychosocial factors as well.^[@bib74]^ The burden of medication not only includes cost and unwanted adverse effects, but also demands that the patient take them as directed. Older individuals may have difficulties with instillation, and if arthritic, simply removing caps and squeezing drops can be challenging. They may have memory loss. They may be taking multiple other medications. The barriers to good compliance are many and significant. Innovations ranging from drug depots and implants, to laser technology, to minimally invasive glaucoma surgery, are all directed at addressing this very real gap between prescribed treatment and that which is actually delivered. Minimally invasive glaucoma surgery has been shown to provide a safe surgical approach, particularly in combination with cataract surgery, and may provide good intraocular pressure--lowering effectiveness and the opportunity to reduce or eliminate ocular hypotensive medications. Identifying those patients who could benefit from minimally invasive glaucoma surgery through decreased dependence on medications and the potential for better control of their glaucoma is in alignment with the overall goals of optometric practice. In the future, minimally invasive glaucoma surgery devices may find utility beyond mild to moderate glaucoma and in conjunction with cataract surgery. Further studies for many of these devices aimed at expanding the indications are underway including more severe glaucoma and as standalone procedures.
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